ABSTRACT: Big-eyed bugs have been well documented as predators on a diverse group of arthropod prey in turfgrasses; however, little is known about the big-eyed bug species associated with buffalograss, or their feeding habits relative to the western chinch bug, Blissus occiduus Barber. This research documented that Geocoris uliginosus (Say) was the predominant big-eyed bug species associated with buffalograss, obtained information on its feeding behavior, and characterized predation rates. Laboratory studies documented G. uliginosus, as a predator of B. occiduus. While all life stages of B. occiduus were attacked by G. uliginosus, predation was greater on 1 st through 4 th instars than on 5 th instars or adults. Low 5 th instar and adult chinch bug mortality was likely the result of their larger biomass, as well as their superior size and strength compared to younger (1 st through 4 th instar) chinch bugs. The mean number of 1 st through 3 rd instar chinch bugs consumed by G. uliginosus at each evaluation period was higher than for 5 th instar or adult chinch bugs. Based on this research, chinch bug management decisions should take into consideration big-eyed bug densities, especially when the majority of B. occiduus are early (1 st -2 nd ) instars.
. Heng-Moss et al. (1998) and Carstens et al. (2007) reported finding big-eyed bugs (species not reported) in buffalograss turf, and speculated they could be feeding on the western chinch bug. At least 25 species of Geocoris occur in America north of Mexico in numerous habitats (Ashlock and Slater, 1988) .
Big-eyed bugs have been well documented as predators on a diverse group of arthropod prey in turfgrasses, including Blissus spp. (Dunbar, 1971; Mailloux, 1976; Reinert, 1978; Baxendale et al., 1994) . Reinert (1978) reported G. uliginosus to be the most numerous and frequently encountered predator in Florida turf. Reinert (1978) observed G. uliginosus feeding on all stages of the southern chinch bug, B. insularis, and recorded an average of 9.6 6 3.3 chinch bug nymphs consumed by a single bigeyed bug over a five day period under laboratory conditions. Dunbar (1971) recorded G. uliginosus as a predator of the hairy chinch bug, B. l. hirtus in Connecticut turfgrass, while Mailloux (1976) identified G. bullatus as a natural enemy occurring in New Jersey turfgrass.
Several researchers have investigated the feeding preferences of big-eyed bugs. Crocker and Whitcomb (1980) reported that under field conditions, 97% of 140 target insect prey of Geocoris spp. were adults, larvae, or nymphs. Predation on eggs and pupae accounted for only 3%. Crocker and Whitcomb (1980) also studied the host range of G. bullatus, G. punctipes, and G. uliginosus and reported 67 host species including 3 classes of arthropods, plants, seeds, dead insects, and even insect feces. These reports document the diversity of food items consumed by Geocoris spp. under field conditions.
Although big-eyed bugs have been well documented as predators of arthropod prey in turfgrasses, little is known about the big-eyed bug species associated with buffalograss, or their feeding habits relative to B. occiduus. Accordingly, the objectives of this research were to document the big-eyed bug species associated with buffalograss, obtain information on big-eyed bug feeding behavior, and characterize their predation of B. occiduus.
Materials and Methods
Big-eyed bugs were collected from buffalograss research plots at the John Seaton Anderson (JSA) Facility, near Mead, NE. Preserved specimens were sent to Dr. Thomas J. Henry at the Systematics Entomology Laboratory in Beltsville, MD where they were subsequently identified as Geocoris uliginosus (Say) and G. limbatus Stal (Lygaeidae) (Readio and Sweet, 1982) . Geocoris uliginosus was investigated in this study because they represented ca. 60% of the big-eyed bugs present and were consistently abundant in buffalograss turf throughout the growing season.
Feeding Behavior
Big-eyed bug feeding behavior was documented for each chinch bug life stage (1  st -2  nd , 3 rd , 4 th , 5 th instars, and adults) during both generations by visually observing 10 big-eyed bugs for 30 min during an attack on a single chinch bug.
Chinch Bug Mortality Studies
The mortality of 1 st through 5 th instar and adult B. occiduus (sex undetermined) in the presence and absence of a single 5 th instar G. uliginosus (sex undetermined) was evaluated in a series of non-choice studies. Chinch bugs were collected from '378' buffalograss at the JSA Facility located near Mead, NE by vacuuming the soil surface with a modified ECHO Shred 'N Vac (Model #2400, ECHO Incorporated, Lake Zurich, IL) (Eickhoff, 2004) . Collected chinch bugs were confined in clear plastic bags (30.5 3 15.3 3 61.0 cm) along with fresh buffalograss clippings until being sifted through a 2 mm mesh screen and collected with an aspirator. Chinch bugs were subsequently held for 24 hr in plastic cups (3.8 cm in diameter and 3.8 cm in height) with fitted lids so injured and dead individuals could be identified and discarded prior to initiation of experiments.
Fifth instar G. uliginosus nymphs were individually hand-collected at the same time and location as B. occiduus. Big-eyed bugs were held for 24 hr without food in the previously described plastic cups. All big-eyed bugs were inspected for injury and replaced as necessary before initiating experiments. In order to standardize their age, only 5 th instar big-eyed bugs were used in this study. The buffalograss cultivar '378' (acquired from Dr. Robert Shearman, University of Nebraska) was used to provide sustenance for chinch bugs during all experiments. This cultivar is known to be an excellent host for B. occiduus (Heng-Moss et al., 2002) . Flats of '378' buffalograss were maintained in the greenhouse under 400-watt high-intensity discharge lamps with a 16:8 (L:D) h photoperiod, and were fertilized weekly with a soluble 20.0-4.4-16.6 (20N-10P-20K) fertilizer. Two to three rooted 378 sprigs were placed in small, glass vials filled with water, fitted with cotton plugs, and the tops wrapped with 'ParafilmH M' laboratory film. Vials were individually glued to the bottom of plastic arenas (16.51 cm in diameter and 6.35 cm in height) with a hot glue gun to prevent rolling during handling.
Both first and second B. occiduus generations (Baxendale et al., 1999) were investigated in this study. Treatments consisted of arenas with one fifth instar G. uliginosus, and either ten or 20 chinch bugs of the designated life stage. Controls were identical, but did not include a big-eyed bug. These controls served to document B. occiduus mortality under test conditions.
First generation: Twenty chinch bugs were used for each life stage tested, except during evaluation of adults, when experiments included only ten chinch bugs because preliminary studies (unpubl. data) suggested big-eyed bugs take longer to consume larger prey. First and 2 nd instar B. occiduus were grouped because they are tiny and nearly indistinguishable. To ensure all adult chinch bugs were similar in age, 5 th instar nymphs were collected and held until reaching the adult stage.
Second generation: Studies evaluating mortality of second generation chinch bugs by G. uliginosus followed the previously described procedures, but employed only ten, 5 th instar chinch bugs. Studies were completely randomized with 12-18 replications per treatment, and were blocked by environmental chamber. Three environmental chambers maintained at 26 6 1uC and 14:10 (L:D) h were used throughout the experiment. Chinch bug mortality was documented by recording the number of dead chinch bugs at 1 hr, 3 hr, 6 hr, 12 hr, and 24 hr after G. uliginosus introduction, and every 24 hr thereafter. Experiments were terminated when approximately 90% of chinch bugs in big-eyed bug-containing arenas in all replications were dead.
Chinch Bug Dry Weights
Chinch bug dry weights were measured to estimate age class specific biomass. One hundred chinch bugs of each non-egg life stage (1 st , 2 nd , 3 rd , 4 th , 5 th and adults) were placed in a drying oven for 48 hr. Dried chinch bugs were weighed and their total biomass was divided by 100 to calculate the average biomass of a single chinch bug for each life stage.
Estimated Chinch Bug Consumption
Estimated consumption of each B. occiduus life stage by G. uliginosus was calculated by subtracting the mean number of dead chinch bugs recorded in arenas containing big-eyed bugs from the mean number of dead chinch bugs found in control arenas during each time interval. These consumption estimates assumed that a portion of the dead chinch bugs in arenas containing big-eyed bugs had died of ''natural'' causes, while the remaining dead chinch bugs were killed by G. uliginosus.
Statistical Analyses
Data were analyzed using the split-plot in time mixed model analysis (PROC MIXED, SAS Institute, 1999) to detect differences in B. occiduus mortality in containers containing big-eyed bugs and controls over time. In addition, differences between generations were also analyzed. When appropriate, means were separated using Fisher's LSD procedure. All effects with P-values less than or equal to 0.05 were considered significant.
Results and Discussion

Feeding Behavior
The behavior of G. uliginosus feeding on B. occiduus was similar to observations of Geocoris spp. feeding on other arthropods (Crocker and Whitcomb, 1980) . Following the introduction of G. uliginosus into an arena, G. uliginosus would rapidly move around the arena seeking protection in the buffalograss sprigs provided. Occasionally, G. uliginosus were observed feeding on the buffalograss, which likely provided supplemental nutrients and/or moisture for growth and development.
Big-eyed bugs captured B. occiduus by inserting their beak (apparently randomly) into the head, thorax, or abdomen of the chinch bug. After insertion of their beak, the prey was typically suspended in the air. This seemed to reduce the effectiveness of chinch bug struggling by minimizing contact with the substrate. Upon completion of feeding, G. uliginosus used its front legs to remove the chinch bug and clean its mouthparts.
Occasionally, a 5 th instar or adult chinch bug under attack would take advantage of its large size and strength to escape the big-eyed bug. Interestingly, Crocker and Whitcomb (1980) found that the highest percentage of prey successfully captured and consumed by Geocoris spp. were those that remained passive during attack by the predator. These behaviors may help explain the lower consumption rates of later instars and adult chinch bugs.
Chinch Bug Mortality Studies
Mixed model analyses of chinch bug mortality detected a significant interaction among chinch bug generation, age class, and time for all chinch bug age classes except adults (1 st -2 nd instar: F 5 5.7; d.f. 5 10, 379; P , 0.0001; 3 rd instar: F 5 4.0; d.f. 5 16, 589; P , 0.0001; 4 th instar: F 5 2.9; d.f. 5 20, 725; P , 0.0001; 5 th instar: F 5 5.9; d.f. 5 24, 705; P , 0.0001; adults: F 5 1.1; d.f. 5 24, 555; P , 0.40). Despite significant differences in the patterns of chinch bug mortality between the first and second generations, results were similar for both generations. First generation: First and second instar chinch bugs: There was a significant interaction between chinch bug age class and time (F 5 16.1; d.f. 5 5, 185; P , 0.0001). The mean number of dead chinch bugs in big-eyed bug-containing arenas was high (5.8) at 1 hr after introduction, but decreased over the next 23 hr. Chinch bug mortality in the control arenas was relatively constant during this period, except during the last evaluation period (Fig. 1a ). Significant differences in the mean number of dead chinch bugs between arenas containing big-eyed bugs and controls were observed at 1 hr, 3 hr, and 6, h after introduction, but not at 12 hr, 24 hr, and 48 hr after introduction (Fig. 1a) . The higher numbers of dead chinch bugs observed during early evaluations (1 hr through 6 hr after big-eyed bug introduction) suggests that starved big-eyed bugs immediately satiated themselves following the 24 hr nonfeeding period. After 48 hr, 96.4% of the twenty 1 st -2 nd instar chinch bugs in bigeyed bug-containing arenas were dead compared to 45.3% in the controls. The high level of natural mortality in control arenas was likely due to the small and fragile nature of 1 st and 2 nd instar chinch bugs which made them highly vulnerable to desiccation and injury.
Third instar chinch bugs: There was a significant interaction between chinch bug age class and time (F 5 5.5; d.f. 5 8, 287; P , 0.0001). The mean number of dead chinch bugs in big-eyed bug containing arenas increased dramatically at 6 hr after introduction, while at the same evaluation time only a modest increase in the number of dead chinch bugs in control arenas was observed (Fig. 1b) . In addition, chinch bug mortality in control arenas unexpectedly increased at 96 hr after introduction followed by a decrease in chinch bug mortality at 120 hr after introduction. In contrast, the number of dead chinch bugs in big-eyed bug-containing arenas slightly increased at 96 hr after introduction followed by an increase in chinch bug mortality. These differences likely resulted in the significant chinch bug age class by time interaction. The mean number of dead chinch bugs was significantly greater in arenas containing big-eyed bugs than controls at 1 hr, 3 hr, 6 hr, and 120 hr after introduction (Fig. 1b) . Higher mortalities were again observed during early evaluations (1 hr and 6 hr after big-eyed bug introduction), again suggesting that starved big-eyed bugs immediately satiated themselves following the 24 hr starvation period. After 48 hr, 64.7% of the twenty 3 rd instar chinch bugs in big-eyed bug-containing arenas were dead compared to 20.8% in the controls. These results indicate that big-eyed bug feeding behavior on 3 rd instar chinch bugs is similar to 1 st and 2 nd instars; i.e., big-eyed bugs satiation followed by a period of limited feeding.
Fourth instar chinch bugs: The main effect of chinch bug age class was not significant (F 5 16.8; d.f. 5 1, 2; P . 0.06) (Fig. 1c) . More chinch bugs were dead in big-eyed bug-containing arenas than controls. After 48 hr, 35.0% of the twenty 4 th instar chinch bugs in big-eyed bug-containing arenas were dead compared to 15.3% in the controls.
Fifth instar chinch bugs: There was a significant interaction between chinch bug age class and time (F 5 2.6; d.f. 5 12, 423; P , 0.002). Differences between the mean number of dead chinch bugs in big-eyed bug containing arenas and control arenas were most pronounced at 96 hr through 168 hr after introduction compared to the other time periods evaluated (Fig. 1d) . This difference likely led to the significant treatment by time interaction. Significantly more chinch bugs were dead in arenas containing big-eyed bugs than controls at 96 hr, 120 hr, 144 hr, and 168 hr after introduction (Fig. 1d) . After 48 hr, 10.3% of the twenty 5 th instar chinch bugs in bigeyed bug-containing arenas were dead compared to 7.2% in the controls.
Adult chinch bugs: There was a significant interaction between chinch bug age class and time (F 5 3.3; d.f. 5 12, 273; P , 0.0002). The general pattern of adult chinch bug mortality was similar during all evaluation periods, except chinch bug mortality in big-eyed bug-containing arenas decreased and then rebounded at 168 and 192 hr after introduction, respectively, while B. occiduus mortality increased then decreased during the same evaluation periods (Fig. 1e) . At 216 hr after introduction, the number of dead adult chinch bugs between big-eyed bug-containing and control arenas was significantly different (Fig. 1e) . After 48 hr, 22.5% of the ten adult chinch bugs in big-eyed bug-containing arenas were dead compared to 11.7% in the controls.
Second generation: In general, chinch bug mortality patterns were similar for all life stage in arenas containing big-eyed bugs for both generations. However, chinch bug mortality in control arenas was consistently lower for second generation experiments. This likely resulted from improvements in chinch bug collection and handling techniques.
First and second instar chinch bugs: There was a significant interaction between chinch bug age class and time (F 5 10.8; d.f. 5 5, 179; P , 0.0001). The mean number of dead chinch bugs in arenas containing big-eyed bugs was significantly different from controls at 1, 6 hr, and 12 hr, but not at 3 hr, 24 hr, and 48 hr after introduction (Fig. 2a) . The higher number of dead chinch bugs observed during earlier evaluation periods (1 hr and 12 hr after big-eyed bug introduction) is consistent with results from 1 st generation experiments where starved big-eyed bugs immediately satiated themselves following the 24 hr non-feeding period. After 48 hr, 82.5% of the twenty 1 st -2 nd instar chinch bugs in big-eyed bug-containing arenas were dead compared to 24.7% in the controls. Third instar chinch bugs: The mean number of dead chinch bugs was consistently higher in big-eyed bug-containing arenas than control arenas at all evaluation periods (Fig. 2b) . The main effect of chinch bug age class was significant (F 5 117.0; d.f. 5 1, 2; P , 0.008). The mean number of dead chinch bugs was higher in arenas containing big-eyed bugs (2.0 6 0.1) than in control arenas (0.3 6 0.1) at all time periods evaluated except at 120 hr after introduction. After 48 hr, 60.0% of the twenty 3 rd instar chinch bugs in big-eyed bug-containing arenas were dead compared to 9.2% in the controls.
Fourth instar chinch bugs: There was a significant interaction between chinch bug age class and time (F 5 6.4; d.f. 5 10, 355; P , 0.0001). The mean number of dead chinch bugs in arenas containing big-eyed bugs dramatically increased then decreased at 48 and 96 hr after introduction, respectively, while only a slight increase in the number of dead chinch bugs in control arenas was observed during the same evaluation periods (Fig. 2c) . Interestingly, chinch bug mortality increased during the last two evaluation periods in control arenas, while chinch bug mortality in big-eyed bug containing arenas decreased (Fig. 2c ).
Significant differences in the mean number of dead chinch bugs in arenas containing big-eyed bugs were observed among the evaluation periods. There were significant differences in the number of dead chinch bugs between arenas containing big-eyed bugs and controls at 1 hr through 96 hr after introduction (Fig. 2c) . After 48 hr, 52.2% of the twenty 4 th instar chinch bugs in big-eyed bug-containing arenas were dead compared to 6.3% in the controls.
Fifth instar chinch bugs: Chinch bug mortality in big-eyed bug-containing arenas was relatively consistent over time (Fig. 2d) . The main effect of chinch bug age class was significant (F 5 25.5; d.f. 5 1, 2; P , 0.04). The mean number of dead chinch bugs was higher in arenas containing big-eyed bugs (0.6 6 0.1) than in controls (0.3 6 0.1). After 48 hr, 30.8% of the ten 5 th instar chinch bugs in big-eyed bugcontaining arenas were dead whereas 6.9% were dead in the controls.
Adult chinch bugs: Similar to 5 th instar chinch bug results, mortality of adult chinch bugs in big-eyed bug-containing arenas paralleled the controls (Fig. 2e) . The main effect of chinch bug age class was not significant (F 5 4.3; d.f. 5 1, 2; P . 0.17). After 48 hr, 5.8% of the ten adult chinch bugs in big-eyed bug-containing arenas were dead compared to 2.5% in the controls.
These studies demonstrate that G. uliginosus consumes all non-egg chinch bug stages. Following a period of non-feeding, big-eyed bugs typically satiate themselves as soon as possible then enter a period of limited feeding before feeding again. Our results (first and second generation) support the hypothesis that big-eyed bugs consume larger numbers of early instar chinch bugs than later instars or adults. These results support the observations of Richman et al. (1980) who reported that consumption of small soybean looper larvae, Pseudoplusia includens (Walker), was highest for both G. punctipes and G. uliginosus. Similarly, Medal et al. (1995) suggested the higher mortality of the smaller nymphal stages (1 st through 3 rd ) of Spissistilus festinus by G. punctipes was due to their high susceptibility to big-eyed bug attack. 
Chinch Bug Dry Weights
Estimated Chinch Bug Consumption
Because there were statistical differences in chinch bug consumption between first and second generation, estimated chinch bug consumption by G. uliginosus is reported separately for each generation.
First generation: The mean number of 1 st -2 nd and 3 rd instar chinch bugs consumed by G. uliginosus at each evaluation period was higher than for 5 th instar or adult chinch bugs. Chinch bug mortality at later (12 hr, 24 hr, and 48 hr) evaluations was relatively consistent over time. Interestingly, the mortality of 5 th instar chinch bugs was higher than that of 4 th instar chinch bugs at the 144 hr, 168 hr, 192 hr, and 216 hr evaluation periods.
Second generation: Second generation results were similar to those of first generation experiments for all chinch bug stages evaluated, except consumption of 3 rd and 4 th instar chinch bugs which were slightly higher than consumption of 1 st and 2 nd instar chinch bugs.
In general, mortality of 5 th instar and adult chinch bugs were lower than the other instars evaluated. Again, these differences may reflect the greater biomass of 5 th instars and adults. Since the mean biomass of one 5 th instar chinch bug is approximately equal to twenty 1 st instar chinch bugs, big-eyed bugs would be consuming approximately the same amount of chinch bug biomass over time.
Conclusions
This study confirmed the presence of the big-eyed bugs, G. uliginosus and G. limbatus in buffalograss turf, and investigated the feeding behavior and efficiency of G. uliginosus on B. occiduus. While all feeding life stages of B. occiduus were captured and consumed by G. uliginosus, predation was greater on 1 st through 4 th instars than on 5 th instars or adults. For example, after 48 hr in first generation experiments, 96.4% of 1 st -2 nd instar chinch bugs were consumed in big-eyed bug containing arenas, whereas only 10.3% and 22.5% of 5 th instar and adult chinch bugs were consumed. It has been well documented that predators rarely attack all age or size classes of a prey species with equal frequency (Salt, 1967) . In addition, the lower mortality of older chinch bugs likely reflects their larger size and superior strength. Laboratory observations documented that active 5 th instar and adult chinch bugs routinely evaded capture by the big-eyed bug predator. These observations support the findings of Crocker and Whitcomb (1980) who reported that the highest percentage of prey captured by Geocoris spp. were those that remained passive during an encounter with the predator.
These behaviors can have important implications for both predator and prey population dynamics. Research has shown that predation on earlier life stages has less impact on the prey's overall reproductive capacity than predation on older, reproductive individuals (Price, 1975) . If G. uliginosus preferentially preys on 1 st through 4 th instar B. occiduus, its impact on the chinch bug population would be greatly reduced. Another factor that may have contributed to the lower mortality of 5 th instar and adult chinch bugs is their larger size. Since the average biomass of a single, 5 th instar chinch bug is equivalent to approximately twenty 1 st instar chinch bugs, the big-eyed bugs may be consuming the same relative chinch bug biomass over time.
The efficiency of big-eyed bugs as a chinch bug predator in the field is likely to be lower than observed in this laboratory study. These experiments were conducted in a relatively simple environment, where big-eyed bugs could easily locate and capture their confined prey. Under field conditions, chinch bugs would be much more difficult to locate, being protected by the dense turf and organic debris. Further, in these no-choice studies big-eyed bugs had no alternative but to consume the single life stage of the single prey species provided. Crocker and Whitcomb (1980) documented a host range for Geocoris spp. exceeding 67 plant and arthropod species, which represents a wide diversity of food items big-eyed bugs will consume under field conditions. In buffalograss turf, big-eyed bugs may feed on many other prey species (e.g., sod webworms, leafhoppers, spider mites, collembolans, grass-feeding mealybugs) as well as chinch bugs, thus reducing their potential as biological control agents for chinch bugs. Choice studies are needed to confirm big-eyed bug feeding preferences on all B. occiduus life stages, and their preferences for other arthropods commonly found in buffalograss. This information is essential for accurately assessing the potential of G. uliginosus as a biological control agent in buffalograss.
Geocoris uliginosus offers a potentially valuable alternative for managing chinch bugs in buffalograss. Currently, Geocoris spp. are being mass reared for augmentation biological control in various agricultural settings (Hunter, 1997) . Inoculative releases of G. uliginosus could potentially suppress B. occiduus infestations in buffalograss. Currently, however, the most practical approach for reducing chinch bug populations using Geocoris spp. involves the judicious use of pesticides and careful application of cultural practices which conserve big-eyed bugs. This is especially important when early instar chinch bugs are present.
